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Electronic health records (EHRs) are beginning to 
manage an increasing volume of narrative data, such 
as clinical notes pertaining to admission, patient 
progress, shift change, follow-up, consultation, 
procedures, etc. These documents fall into a wide 
variety of classes, based on who is writing them, for 
what purpose, and in which location, suggesting the 
need for a document ontology (DO) to model our 
knowledge of health care documents and their 
properties. This paper focuses on one aspect of the 
Health Level 7 (HL7)/ Logical Observation 
Identifiers, Names, and Codes (LOINC) DO, the 
Subject Matter Domain (SMD). We created a new 
polyhierarchical structure for the SMD that combines 
the current value lists from the LOINC database with 
another value list from the American Board of 
Medical Specialties (ABMS). We refined and 
evaluated the new structure through expert review of 
the ontology, a survey of medical specialty boards, 
and specification of SMDs for a corpus of clinical 
notes. 
 

INTRODUCTION 
Clinicians rely on narrative for multiple 

purposes, including documentation in the medical 
record and communication of their findings and 
impressions to patients, patients’ family members and 
other clinicians in formal letters and with the 
scientific community as a whole in the form of 
journal publications. Narrative allows us to share 
complex ideas in an efficient and often seemingly 
effortless manner. Its use in the medical record is 
extremely important for clinicians because it allows 
them to synthesize disparate facts and data elements 
and to paint a picture rich with meaning that is easily 
interpreted by other clinicians.1  Many current 
systems that provide EHRs for hospitals and 
physician practices use template-based systems with 
check boxes and drop-down menus in order to 
capture structured data elements in databases. 
Structured data entry does not support the 
expressiveness and flexibility to which clinicians are 
accustomed, and it can be difficult to interpret and 
reconstruct meaning from structured data due to loss 
of contextual information.2  Much of the meaning and 

inference that can be gleaned by the clinician through 
the use of narrative is lost when a rigidly structured 
template is used, and the ability to communicate 
complex ideas in an efficient and fluid manner 
diminishes. Structured data, however, is especially 
useful to support other important activities including 
computer-based decision support and alerts, clinical 
research, and billing and business practices. 

Clinicians use narrative documents for many 
different purposes in a large variety of clinical 
situations, and these processes have become fairly 
conventional so that narrative documents fall into 
certain types or classes, based on who is writing 
them, for what purpose, and in which location. One 
of the current problems with using and maintaining a 
medical record based on narrative documents is that 
there are a very large number of document classes. 
This makes it difficult for clinicians to find a given 
document in the medical record, or to specify what 
kind of document they would like to create. 

The work described in this paper is part of a 
greater effort to create a generalizable DO that 
organizes narrative clinical documents into a 
polyhierarchical taxonomy of names. The immediate 
purpose of this work is to help organize the collection 
of documents in the New York Presbyterian Hospital 
(NYPH) system for use in the eNote EHR, which is 
currently under development.3  The eNote user 
interface utilizes selection criteria derived from the 
DO’s structure to facilitate highly selective document 
searching and retrieval. Additionally, this allows 
eNote to present the user with a refined set of semi-
structured, user-specific templates on which to create 
new documentation. Continuing work on the DO may 
also lead to a standardized structuring of fields and 
field content within each of these document template 
types. 
 

BACKGROUND 
eNote 

The objective of the eNote project is to create a 
new kind of EHR that integrates different types of 
information across the record, harmonizes 
information across disciplines and maintains the 
continuity of information as our knowledge of the 
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patient evolves. eNote uses an XML database to store 
documents represented using the Clinical Document 
Architecture (CDA) of HL7.4,5  In addition, eNote 
employs natural language processing (NLP)6,7,8 
techniques to acquire the structured data elements of 
interest for the purposes mentioned above. 

The DO serves two purposes in eNote: First, it 
will help further work toward widely-distributed 
document exchange between institutions by 
developing a naming standard for document 
organization and transmission.9  Second, it will 
support the management of a large variety of clinical 
documents, allowing the creation of an EHR that is 
based on the narrative documents to which clinicians 
are already accustomed.  

 
Previous DO Projects 

In order to address user dissatisfaction with the 
time required to find documents among hundreds of 
irregularly structured titles in the Computerized 
Patient Record System (CPRS) in Veterans Affairs 
(VA) medical centers, Brown et al. created a 
Document-naming Nomenclature (DNN).10  The 
DNN used a nomenclature to specify three document 
identifier categories: characteristics of author, health 
care event, and organizational unit providing care. 
These categories were then populated with allowable 
values, and a syntax was created for combining them 
to produce standardized document names. Their 
analysis demonstrated significant coverage with the 
DNN of document titles from three non-VA hospital 
systems, but the authors had difficulty fully 
specifying “sections” or subspecialty values in the 
care unit category. 

Other work done initially by the HL7 Document 
Ontology Task Force (DOTF)11,12 was later continued 
in a joint effort with the LOINC committee.13,14  
Together they have developed a DO that uses LOINC 
codes for clinical documents, concentrating initially 
on “clinical notes” as defined by the HL7 CDA 
standard.15  Their model uses a system of 5 axes with 
multiple classes under each axis: 
1. Kind of Document – Using the document’s 

general structure, describes on a macro level the 
kind of document being considered (i.e. clinical 

note, letter, consent, etc). The purpose of this is 
to define distinct document headers. 

2. Type of Service – Characterizes the actual kind 
of service that is provided to or for the subject of 
the note, usually the patient (i.e. evaluation and 
management, communication, interventional 
procedure, etc.). Time sequence is also subsumed 
by this axis. 

3. Setting – An extension of CMS’s coarse 
definitions (Home, Hospital, Nursing Home, and 
Outpatient) with synonyms and multiple 
subclasses in the hierarchy. This is not 
equivalent to location, which is often more 
locally defined and can be included within the 
message itself when documents are sent between 
institutions. 

4. Subject Matter Domain – Characterizes the 
subject matter and/or discipline that is relevant to 
the document being considered, and is the main 
focus of the current study (see below). 

5. Training/Professional Level – Characterizes the 
training or professional level of the document 
(e.g.,  Attending, Resident, Nursing Student, 
Nurse Practitioner). 

The naming convention operates by using the 
Kind of Document and at least one of the values from 
the other four axes. See Figure 1 below for an 
example using a surgery intern’s admission note. In 
this example the first row shows the document fully 
specified with values in each of the 5 axes. The 
second row shows how the same document could be 
less well specified, and be located in a higher place in 
the DO’s hierarchy as simply as an “admission 
evaluation clinical note.”  This satisfies the minimal 
requirements of having the <Kind of Document>, 
plus one other axis, which in this example is <Type 
of Service>. 

The work described in this paper augments the 
SMD with additional values and organizes it into a 
multiple hierarchy. This is a first step to customize 
the DO for local use with eNote.

 
 
Figure 1: Surgery Intern’s note 

 
 
 

 
 
 

<Subject Matter> <Training/Professional Level <Setting> <Type of Service> <Kind of 
Document> 

Surgery Intern Hospital Admission Evaluation Clinical Note 
   Admission Evaluation Clinical Note 
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METHODS 
Creation of Subject Matter Domain Model 

The value list from the SMD axis from the 
HL7/LOINC effort was merged with a list of 
Approved Specialty Boards & Certificate Categories 
from the ABMS.16  This merged SMD value list for 
the DO was then modeled in Protégé,17 a tool for 
creating knowledge bases. The ABMS list is 
organized as a strict hierarchy with each subspecialty 
listed under the corresponding specialty, such that if a 
subspecialty is offered under more than one specialty, 
it is listed separately under each of them and the 
concept of multiple hierarchy is not modeled. The 
HL7/LOINC value list is flat with all specialties, 
subspecialties and other related areas within the SMD 
listed together without hierarchical organization. 
These two lists were merged by aligning the 
uppermost part of the ABMS list, namely the 
specialty terms, with the flat HL7/LOINC list. 
Initially this was done without revision. 

 
Evaluation: Expert Review 

Following the creation of the revised SMD 
model, a group of domain experts in Internal 
Medicine, General Surgery, Pediatrics, Preventative 
Medicine and Emergency Medicine were supplied 
with the list in Protégé format and asked for their 
input regarding the following 5 questions as applied 
to the SMD: 
 
1) Does the hierarchy as presented seem to be 

modeled correctly? 
2) Do you find any unintended redundancy, and if so 

where is it? 
3) Is there anything missing that you believe should 

be added? 
4) Do you think the hierarchy is generalizable outside 

of NYPH? 
5) Any additional comments? 
 
Evaluation: Input from Medical Specialties 

Following the results of the expert review, an 
email survey of medical specialty boards was 
conducted. Additional input regarding medical 
specialty values was requested from 18 of the 24 
specialty boards listed on the ABMS Web site. If the 
specialty board did not list an email address on its 
Web site, it was excluded from the survey. The email 
requested a list of additional subspecialties in the 
boards’ respective areas based on 1) availability of a 
certification exam, 2) availability of fellowship 
training, or 3) general consensus among practitioners 
of the field.  
 
 
 

Evaluation: Refinement and Validation 
Once the results of the expert review and survey 

were obtained and reviewed, the SMD was further 
refined by adding new values and placing other 
values at the proper place in the hierarchy. This 
version of the SMD was validated in Protégé using 
the Racer tool.18  Initially all the super-classes 
(specialties) were set to disjoint (no individual 
document could be listed with multiple specialties 
simultaneously), and subspecialties were allowed to 
have multiple parents. 
 
Evaluation: Test of Document Coverage 
 All 163 document titles available in the Medical 
Entities Dictionary at NYPH at the time this study 
began were used to test the ability of the SMD model 
to fully specify documents based on their type and 
name. 
 First the documents were compared to the 
original HL7/LOINC SMD value list. If a document 
name or type did not suggest a specific subject matter 
(e.g., “Clinic Summary Report”), it was classified as 
“not specified.”  If a document name or type did 
suggest a specific subject matter, but it could not be 
specified because the subject matter was not included 
in the value list (e.g., “Electromyography Report 
Note”), it was classified as “other.”  In all other 
instances, the document was specified with the SMD 
value list. 

This procedure was repeated for the ABMS 
hierarchy, and then for the merged and validated 
version of the SMD value list. 
 

RESULTS 
Expert Review 
 The expert review revealed the following: 1) that 
although the way in which the hierarchy was 
modeled is generally correct, numerous 
subspecialties needed to be pushed down in the 
hierarchy from the top level in order to model a more 
consistent level of abstraction; 2) that there was no 
redundancy; 3) that there were multiple specialties 
and subspecialties missing from the hierarchy that 
needed to be added; and 4) that the hierarchy was 
generalizable beyond NYPH.  
 
Input from Medical Specialties 

Of the 18 emails sent, 14 responses were 
received. Responses included an average of 5 
subspecialties, with a range from 0 to 17. Certain 
subspecialties, namely Surgery, Plastic Surgery and 
Neurosurgery, listed multiple subspecialties that were 
not listed on the ABMS Web site but are generally 
regarded as subspecialties within their fields either by 
consensus or the availability of fellowship training in 
an area. 
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Model Validation 

Initially a number of inconsistencies were picked 
up by the Racer tool. Once all disjoints from the 
super-class level were removed, the ontology was 
validated as consistent. 

 
Test of Document Coverage 

Of the163 documents, there were a total of 91 
documents that were classified as “not specified” 
because the document type and name did not suggest 
a specific SMD. The remaining analysis relates to the 
72 documents with explicit SMDs. Using the 
HL7/LOINC SMD value list, 25 documents’ SMDs 
were specified and 47 were classified as “other.” 
With the ABMS list, the SMDs of 58 documents 
were specified and 14 were classified as “other.” The 
merged SMD had 100% coverage for the 72 
documents. For two documents, the SMDs were re-
specified to a lower level in the hierarchy. See Figure 
2 below: 

Figure 2 
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DISCUSSION 
 The validation problems initially experienced 
using the Racer tool were predictable, since many of 
the disjoint super-classes had common children, 
thereby making it impossible for them to be set as 
disjoint. This raises the question as to whether a strict 
hierarchy without multiple parents might be a more 
accurate model for the SMD. Because many of the 
subspecialties can be pursued from two or more 
specialty backgrounds, it seemed reasonable to model 
the SMD with multiple parents. However, in reality 
there is a potential difference in the implied subject 
matter if a note is written by a sub-specialist with one 
specialty background versus another. In other cases 

there is little if any implied difference in the subject 
matter of a note based on the individual’s prior 
training. 
 Although the approach of merging the two value 
lists in our experiment improved specification of a 
list of sample documents, the SMD may still not be 
fully specified. Additions may need to be made in the 
future, but because of the architecture of the merged 
SMD in Protégé, this should be fairly 
straightforward. A formal process will need to be put 
in place to maintain the SMD and the DO as a whole. 
 Although the degree of granularity achieved by 
the merged and refined SMD is much greater than 
either of the two precursor value lists, the new SMD 
only allowed 2 of the documents from the sample list 
to be better specified, i.e., have their SMD names 
come from a deeper part of the hierarchy. It is 
reasonable to assume that with a larger set of 
documents, more documents could be specified with 
a greater degree of granularity. This will allow 
documents to be more accurately modeled in general, 
and will help support multiple consistent views of the 
SMD, allowing it to be used for multiple purposes.19  
These features should help the SMD and the DO 
become more easily generalized beyond one 
institution. Overall, the new SMD allows a given 
document to be specified in a more general category 
(e.g.,  internal medicine), or in a more specific 
category (e.g., thryroidology, which is a child of 
endocrinology, which is a child of internal medicine), 
depending on what is known about a document being 
entered into an EHR, or what criteria are being used 
in a document search.  
 

CONCLUSIONS 
The analysis methods should be applied to each 

of the other four axes in order to validate their value 
sets and to prove that existing documents can be 
properly specified and modeled when they are 
represented using the axes. 

The primary goal of this endeavor is to 
standardize clinical document names so clinicians 
can easily find the documents and templates they 
need. If some form of DO is widely accepted, it will 
lead to standardization of document names across 
multiple institutions. This would allow clinicians to 
easily recognize document titles from locations other 
than their own and will help fuel the sharing of 
clinical documents between institutions. 

This paper also hopes to bring more attention to 
the importance of the work being done by the HL7 
DOTF and LOINC toward widely-distributed sharing 
of documents. More studies will need to be 
conducted to ensure that the DO they develop and 
approve is generalizable across multiple institutions 
and in multiple healthcare settings. The vision of a 
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National Health Information Infrastructure that 
allows patient records to be quickly and easily 
transferred between clinicians and institutions across 
the country will require such an ontology.  
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